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@ Phosphoric acid-type chelate resin as uranyl ion adsorbent.

A chelating resin comprising a polymer having pendant phosphono and phosphono-phenyl or
phosphono-alkylphenyl groups, can be used to adsorb uranyl ion.
Such a resin may be produced by :
copolymerising styrene, divinylbenzene and an alkyl vinylphosphonate ;
hydrolysing the alkyl-phosphono groups in the resultant polymer to phosphono groups ;
if desired, introducing a chioroalkyl substituent on the phenyl group ;
reacting the polymer with PCl; ; and
hydrolysing/oxidising the resultant PCl,-substituted polymer side-chain to further phosphono
groups.
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Field of the Invention

This invention relates to a phosphoric acid-type chelate resin useful for the adsorption of uranyl ion, and
to a process for its production. L

Background of thy Invention

It is known that urany! ion (UO,") is chelated by adsorption by two phosphono functional groups. Phos-
phoric acid-type chelate resin have hitherto been manufactured by the esterification of phosphoric acid with a
polyol resin, or by introducing phosphono groups in the phenyl side-chains of styrene-divinylbenzene copolym-
ers; see US-A-2980721.

The former process has the disadvantage that hydrolysis occurs in acidic or alkaline media, causing a dec-
rease in the phosphono group content and a markedly reduced capability for repeated processes of adsorp-
tion-desorption.

The latter process gives a low capacity for chelating uranyl ion. Although the number of phosphono groups
introduced might be increased, known processes introduce the phosphono groups in the pendant phenyl groups
or into pendant chloroalkylphenyl groups after chloromethylation of the phenyl groups; see J. Appl. Polym. Sci.
29 (1984) 2045,

Summary of the Invention

A novel chelating resin comprises a polymer having pendant phosphono in addition to phosphono-phenyl
or phosphono-alkyiphenyl groups. '
Such a resin is prepared by:
copolymerising styrene, divinylbenzene and an alkyl vinylphosphonate;
hydrolysing the alkyl-phosphono groups in the resultant polymer to phosphono groups;
if desired, introducing a chloroalkyl substituent on the phenyl group;
reacting the polymer with PCl;; and
hydrolysing/oxidising the resultant PCl,-substituted polymer side-chain to further phosphono groups.

Description of the Invention

A novel resin has good chelating properties, e.g. for uranyl ion. Its structure is to be contrasted with chelat-
ing resins which contain only phosphono-phenyl or phosphono-alkylphenyl groups; owing to steric hindrance,
the phosphono groups are chiefly introduced into the paraposition of the pendant phenyl groups. it appears
that the phosphono groups in the prior art are thus arranged in one direction only, with respect to the basic
copolymer skeleton, so that the steric dispersion effect of the phosphono groups, and the chelate-forming
ability, are relatively low.

In the first step of the process of the invention, monomers such as styrene, divinylbenzene and CEVP, i.e.
bis(2-chloroethyl)vinylphosphonate, are copolymerised, hydrolysed and oxidised to form chelate-forming phos-
phono groups within the basic skeleton of the copolymer resin.

Then, phosphorus trichloride is reacted with the pheny! group, a side-chain of the basic copolymer skeleton,
or with a chloroalkyt group introduced in the pheny! group. The resultant substituent is hydrolysed to phosphono
groups designed for the chelating function.

The following two reaction schemes generally illustrate the nove! method.
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d-HNO3 ST T/
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|
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The novel method will now be descibed in more detail, by way of example only: first, toluene as diluent is
added to monomers such as styrene, divinylbenzene, and CEVP or another alkylvinylphosphonates. These
materials, plus a radical initiator, are copolymerised by suspension polymerisation at 40 to 100°C, for 2 to 50
h. With an acidic catalyst, the resultant copolymer resin is hydrolysed at 40 to 130°C for 1 to 60 h, to give a
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resin containing phosphono groups on its main chain.

The copolymerisation of CEVP and styrene proceeds via suspension copolymerisation to form copolymer
beads: the lipophilic styrene groups are predominantly on the inner side of the spheres, while the hydrophilic
CEVP groups are predominantly on the outside. This above-average surface distribution of functional groups
designed for the adsorption of uranyl ion, is favourable.

Phosphorus trichloride is then reacted at 40 to 100°C for 2 to 50 h, with the phenyl groups that are side-
chains of the basic copolymer skeleton, or with chloroalkyl groups introduced onto the phenyl groups, and hyd-
rolysed and oxidised in the presence of an acid catalyst, to introduce a large number of phosphono groups into
the copolymer resin.

The CEVP or other vinylphosphonate is preferably used in an amount of less than 0.45 mol % (max. compo-
sition in solution copolymerisation) of the total copolymer compositions. Above this limit, the copolymer yield
will decrease and the reaction time becomes longer; there may then be some undesirable problems during
copolymerisation, such as steric hindrance of the CEVP structure, CEVP homopolymerisation, or CEVP chain-
transfer reaction.

Divinylbenzene acts as a cross-linking agent. It is preferably used in an amount of 2.0 to 30 wt % of the
total amount of monomers.

The divinylbenzene provides mechanical strength to a styrene-type spherical copolymer, and acts as alad-
der in the net-shaped structure, so that uranyl ion can freely enter. If the content of dinvylbenzene is below the
2.0 to 30 wt % range, it cannot so well provide the net-shaped structure; if above the increased cross-linking
makes the surface area small and reduces the adsorption properties.

For the copolymerisation reaction, an organic diluent such as toluene or cyclohexane may be used, pref-
erably in an amount of 2.0 to 20 wt % of the total amount of vinyl monomers. During copolymerisation, the diluent
serves as a precipitation medium for the copolymer beads. After reaction, the diluent is physically mixed within
the beads which, when dried, have increased specific surface area.

Radical polymerisation may also be used as the copolymerisation method. Radical initiators that may be
used include benzoyl peroxide, p,p’-dichlorobenzoyl peroxide, methyl ethy! ketone peroxide, cumene hyd-
roperoxide, di-t-butyl peroxide, potassium persulfate, ammonium persulfate and, as an azo-type radical initiator,
disazoisobutyronitrile.

Radical suspension may also be used as the copolymerisation method. Suspension agents that may be
used include methyicellulose, partially-hydrolysed polyvinyl alcohol, polyvinylpyrrolidone or their mixtures. The
suspension agent is preferably used in an amount of 0.01 to 4.0 wt %, more preferably 0.1 to 2.0 wt %, of the
total amount of monomers.

The suspension polymerisation can be conducted in an aqueous dispersion. The radical copolymerisation
also occurs in an aqueous dispersion, e.g. at 40 to 100°C for 2 to 50 h.

The particle size of the spherical copolymer may be controlled by (a) the amount of the suspension agent
and (b) the weight ratio between water and organic monomers in aqueous dispersion. The weight ratio of water
to organic monomers is preferably 0.5:1 to 15:1. Below this range, it is difficult to obtain uniform aqueous dis-
persion owing to higher viscosity. Above this range, productivity may decrease, and energy consumption will
inevitably increase due to the fact that more water should be heated.

The hydrolysis of the copolymer is conducted as follows: to one part by weight of dried copolymer resin
are added 2 to 10 parts ethanol and 1 to 20 parts concentrated HCI. This mixture is maintained at 40 to 100°C
for 1 to 60 h. Purification follows, by evaporating off the volatile components, washing the residue with water
and methanol, and then drying.

Per part by weight of dried copolymer resin, 0.01 to 15 parts PCl; in solution in 2 to 20 parts cyclohexane
is used for a Friedel-Crafts reaction at 40 to 100°C for 2 to 50 h, in the presence of a catalyst such as aluminium
chloride in an amount of 0.01 to 10 parts by weight. The introduction of a chloroalkyl group can be conducted
as follows: per part by weight of the copolymer, 0.01 to 15 parts chloroalkyl alky! ether in solution in 1 to 30
parts cyclohexane is reacted at 40 to 100°C for 2 to 50 h, in the presence of 0.01 to 10 parts aluminium chloride
catalyst. The reaction mixture is then separated by filtration and washed with distilled water and methanol.

For the conversion of phosphino groups into phosphono groups, 2 to 50 parts of 1 to 30% aqueous nitric
acid is added per part by weight of the reaction mixture. Hydrolysis and oxidation are simultaneously carried
out at 40 to 130°C for 1 to 60 h. The final product thus obtained is filtered, washed with water and methanol,
and dried.

in the manufacture of a phosphoric acid-type chelate resin according to this invention, it may be appropriate
to provide, in the coordination region around the functional part of the chelate (O=P structure), a phosphono
structure essentially the same as for tributyl phosphate. This will provide for the recovery of uranyl ion. Further,
it will be appropriate to consider the influences of the phosphono group content, the relative numbers of phos-
phono groups on the main- or side-chains of the basic chelate copolymer skeleton, the amount of cross-linking
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agent, and the specific surface area, and the ability to reuse the resin after adsorption-desorption.

Copolymer resins of the invention have phosphono groups both on the main chain and on the side-chains
of its basic skeleton. The chelate-forming ability is markediy enhanced by this irregular structure.

In addition, since the resin has phosphono groups directly bonded to carbon atoms, the phosphono groups
are not easily hydrolysed in the acid or alkali that is used during adsorption-desorption processes, for reutilis-
ation of the resin.

The following examples illustrate the invention. Various amounts of starting materials, and properties of
the products, are given in the subsequent Table.

Examples 1 to 10

To a reactor having a stirrer were added styrene, divinylbenzene,bis(2-chloroethyl)vinylphospho-
nate(CEVP), toluene, and 0.2 wt % of benzoy! peroxide as an initiator. The water ratio (a value) with respect
to the monomers was adjusted to 2.5, and 1% aqueous methylcellulose solution was used as a dispersion
agent.

Suspension polymerisation was carried outat 70°C for 25 h, and the produced polymer was filtered, washed
with water, dried in a vacuum oven at 60°C for 48 h, and passed through a sieve of 50/80 mesh.

Per part by weight of dried resin thus obtained, 4 parts methanol and 3 parts concentrated hydrochioric
acid were added. This reaction mixture was refluxed and hydrolysed at 90°C for 42 h. For purification, the
volatile components were evaporated, and the residue was washed with water, and dried.

Per part by weight of chelate resin having phosphono groups only in the main chain, 0.25 parts PCl; in 8
parts cyclohexane were added and reacted at 70°C for 30 h, in the presence of 0.25 parts aluminium chioride
catalyst. The reaction mixture was separated by filtration, washed with water/methanol, and dried.

Per part by weight of dried intermediate, 10 parts of 2% nitric acid solution was reacted, for simultaneous
hydrolysis and oxidation at 80°C for 20 h. After drying at 60°C for 48 h, yellow-coloured spherical chelate resin
beads were obtained.

Comparison Exampies 11 to 15

The procedure of Examples 1 to 10 was repeated, but without using CEVP or the consequent hydrolysis
of alkyl phosphonate groups.

Examples 16 to 20

The procedure of Examples 1 to 10 was repeated. In an additional step, 1 part by weight of the chelate
resin having phosphono groups only in the main chain was reacted with 1 part chloromethyl methyl ether in
solution in 10 parts cyclohexane at 40°C for 20 h, in the presence of 0.3 parts aluminium chloride catalyst. The
reaction mixture was filtered and dried under vacuum at 50°C for 48 h.

Phosphono groups were then introduced in the same way as in Examples 1 to 10, but into the chlorobenzyl
groups (and the reaction and hydrolysis temperatures were 80°C and 70°C instead of 70°C and 80°C, respect-
ively).

For the results given in the Table:

The adsorption capacity for uranyl ion was calculated from the difference of concentration after adding 0.2
g of the sample of resin to 20 mi uranyl ion solution (pH 4.27 and 20.21 ppm of uranyl ion), and stirring at room
temperature for 28 h.

The concentration of divinylbenzene was calculated from the raw material feed composition (% by weight
is given in brackets).

The concentration of CEVP was calculated by P analysis.

The phosphorus content was calculated from the difference in weight before and after the reaction.
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Claims

A chelating resin comprising a polymer having pendant phosphono and phosphono-phenyl or phosphono-
alkylphenyl groups.

A process for preparing a chelating resin having phosphono groups,which comprises:

copolymerising styrene, divinylbenzene and an alkyi vinylphosphonate;

hydrolysing the alkyl-phosphono groups in the resultant polymer to phosphono groups;

if desired, introducing a chioroalkyl substituent on the phenyl group;

reacting the polymer with PCl5; and

hydrolysing/oxidising the resuitant PCl-substituted polymer side-chain to further phosphono
groups.

A process according to claim 2, wherein the alkyl vinylphosphonate is bis(2-chloroethyl)vinylphosphonate.

A process according to claim 2 or claim 3, wherein the alkyl vinylphosphonate comprises less than 0.45
mol % of the composition of the copolymer.

A process according to preceding claim, wherein the styrene/divinylbenzene comprises 2 to 30 % by
weight of the total amount of monomers.

A process according to any of claims 2 to 5, wherein the hydrolysis/oxidation comprises reaction with nitric
acid.

A process for adsorbing uranyl ion, which comprises contacting a sample containing uranyl ion with a
chelating resin according to claim 1 or as produced by a process according to any of claims 2 to 6.



	bibliography
	description
	claims

